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The masses of 32,33Ar for fundamental tests
+ further recent results from ISOLTRAP
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Radionuclides - What accuracy is needed where?

NuclearNuclear
Physics Physics 

nuclear binding energies,
Q-values

δm/m ≈ 1·10-7

Nuclear Nuclear 
Structure Structure 

shell closure, pairing, 
deformation, halos,

isomers
δm/m ≤ 1·10-7

δm/m ≤ 1·10-7

FundamentalFundamental
PropertiesProperties

tests of nuclear models 
and formulae

Physics &Physics &
ChemistryChemistry

basic information 
required

δm/m ≈ 1·10-5

δm/m < 3·10-8

Weak Weak 
InteractionInteraction
symmetry tests,
CVC hypothesis

δm/m < 1·10-7

AstroAstro--
physicsphysics

nuclear synthesis,
r- and rp-process



Principles of Penning traps
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A=100, q=1, 
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• ν+ ≈ 1 MHz
• ν− ≈ 1 kHz
• νz ≈ 44 kHz

A=100, q=1, 
B=6T

• ν+ ≈ 1 MHz
• ν− ≈ 1 kHz
• νz ≈ 44 kHz

Superposition
strong homogeneous magnetic field
weak electrostatic quadrupole field
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The triple-trap mass spectrometer ISOLTRAP
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Time-of-flight cyclotron resonance curve

ωc =      B
q
m

TOF vs. excitation frequency
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T1/2 = ∞

Determine atom mass from frequency ratio with a well-known reference massDetermine atom mass from frequency ratio with a well-known reference mass
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ISOLTRAP highlights and status

Highlights/Status 2002-2003

72, 73, 74 (δm/m = 3·10-8)Kr
74 (T1/2 = 65 ms), 75 (P89)Rb

68, 70 (triple isomerism) (P39)Cu
32 (yield 100/s), 33 (δm/m = 1·10-8)Ar
18, 19 (δm = 308 eV), 23, 24 (P28)Ne

228-234  (P50)Ra

32Ar32Ar

18Ne18Ne

74Rb74Rb

72Kr72Kr

216Bi216Bi

Between 1995 and 2001
≈ 180 masses measured ( )
rel. accuracy δm/m ≈ 1·10-7

147Cs147Cs

F. Herfurth, JP B 36, 931 (2003);  K. Blaum et al., NIM B 204, 478 (2003).

233Ra233Ra
In 2002/2003

106 masses measured ( )
rel. accuracy δm/m ≤ 1·10-7

34Ar34Ar



IMME test:  T = 3/2 quartet  @  A = 33

Tz -3/2 -1/2 1/2 3/2

M
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T=1/2
T=1/2

T=3/2 T=3/2
T=3/2

T=3/2

33Ar 33Cl 33S 33P

Isobaric Multiplet Mass Equation

M = a + bTz + cTz
2

Commonly used 
quadratic form ?

+ dTz
3

2001: Breakdown of IMME
F. Herfurth et al.
PRL 87 (2001) 142501

2002: Revalidation of IMME
T=3/2 state in 33Cl wrong
M.C. Pyle et al.
PRL 88 (2002) 122501

d coefficients for all 18 complete ground state quartets
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Recently:  Most stringent test of IMME (with 32,33Ar)
Ground state quartets

 Excited state quartets
 Ground state quintets

d
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☺ m(32Ar)exp will allow for a better constraint on scalar contributions to WI
(the beta-neutrino correlation coefficient a does no longer rely on IMME).



Solving the identification puzzle in 70Cu

Ground and isomeric
states of 70Cu

Hyperfine structure of 70Cu isomers
(using laser ionization)

16%

4%
80%

(spectrum provided by U. Köster)

Intensity ratio:

normalized to the area
(6-) 0 44.5(0.2)

(3-) 101(5)      33(2)

(1+) 242(5)     6.6(0.2)

Jπ E / keV    T1/2 / s

IT≈5%

IT≈50%

β–≈95%

β–≈50%

β–=100%Mass excess Lit:
-63202(15) keV

J. Van Roosbroeck, to be published (2003).
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νc - 1300610  /  Hz

16%

4%
80%

Intensity ratio:

normalized to the area

with cleaning of 6– state

Identification of triple isomerism in 70Cu

R ≈ 1·10-7

Preparation of an isomerically pure beam!

Unambiguous spin to 
state  assignment!ωc =      B

q
m

⇒ (6–) state = gs

⇒ (3–) state = 1.is

⇒ 1+ state = 2.is

ME of ground state is 240 keV 
higher than literature value!



Test of  the CVC hypothesis and CKM unitarity

Superallowed β emitters 

f (Q5) statistical rate function
t (T1/2,b) partial half-life
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Superallowed β emitters 

5/ 2-

0+ 9 decays measured
with ±0.1% in Ft

other 0+ → 0+ emitters
reasonably accessible

N

Z

22Mg

26mAl

62Ga

74Rb

62Zn

14O

38mK

Q-value ⇔ mass m δm/m < 3·10-8

Weak Weak 
InteractionInteraction
symmetry tests,
CVC hypothesis



Superallowed β emitters - Ft status at present

very recent 
measurement:

δm(74Rb) < 4 keV
(δFT ~ 20 s)
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i.e. CVC true at 
the 3·10-4 level



Problem of the non-unitarity of the CKM

Vud (nuclear β-decay)  = 0.9740(5)
Vus (kaon-decay) = 0.2196(12)
Vub (B meson decay) = 0.0036(5)

Present status:

Vud (neutron β-decay) = 0.9717(13)

Result confirmed by neutron β-decay:

222 =++ ubusud VVV 0.9924 ± 0.0015 Vus (K-decay) ≈ 0.2265

99.95%

0.05%
0.00001%Vub

Vud

Vus

Contribution to the unitarity:

222 =++ ubusud VVV
i.e. CKM not unitary at the 98% 

confidence level

0014.09968.0 ±

(non-)unitarity of CKM-matrix



Past 2000
Required yield Half-life Relative mass accuracy

y T1/2 δm/m

103

104

105 

101

102

100ms

1s

10s

1ms

10ms

10-8

10-7

10-6

10-10

10-9

Summary and outlook: Performance
Present 2003

32Ar 74Rb 33,34Ar

Future 200?
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